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[57] ABSTRACI‘ 
A method of conveying a gas such as natural gas over 
long distances through a pipeline having a number of 
sections in series with intermediate compressor stations 
the pressure and temperature of the gas at entry to each 
pipeline section being such that the drop in pressure of 
the gas in each pipe section creates a drop in gas temper 
ature and this low temperature gas is used to recool the 
gas heated by compression before it enters the next 
pipeline section. 

19 Claims, 8 Drawing Figures 
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PROCESS AND APPARATUS FOR THE 
CONVEYANCE OF REAL GASES 

This invention relates to a process and a plant for the 
conveyance of real gases, more especially natural gas, 
over long distances by means of a pipeline comprising a 
number of sections connected in series, between which 
are provided compressor stations for balancing the loss 
of pressure in the preceding pipeline section. 

In one existing long distance pipeline, the pressure 
reaches approximately 75 bars, for example, at the start 
of each pipe section, and approximately 50 bars at the 
end of the roughly 120 km long pipeline section. Before 
entry into the next pipe section, the gas pressure is again 
raised to 75 bars by two-stage radial compressors, 
which are driven by gas turbines. Conveyance takes 
place after the extraction .of compression heat by cool 
ing water roughly at ambient temperature, as the pipe 
line lies in the surrounding earth completely uninsulated 
against heat or insulated only slightly by linings provid 
ing protection againts corrosion. In calculations, it has, 
up to now, been generally assumed that under these 
conditions conveyance occurs isothermally, and that 
therefore no substantial temperature variations in the 
gas occur during conveyance. 
Such pipeline equipment and associated compressor 

stations are exceptionally costly, not only with regard 
to the plant but also the running of it, as the energy 
required in each compressor represents a considerable 
proportion of the quantity of energy conveyed. 
For these reasons much thought has been given as to 

how the conveyance of natural gas can be made more 
economical, either by making the pipeline installations 
and all the accessories cheaper, or by lower conveyance 
costs. Pipes of larger diameter, with which the loss of 
pressure might be reduced so that the compressor sta 
tions could be designed to be correspondingly smaller 
or located at larger spacings, unfortunately cost consid 
erably more than the energy costs which are saved even 
over a long period of time, because of the lengths which 
are involved here. 
Conveyance of natural gas in a lique?ed state has 

already been considered (H. Laurien, “Taschenbuch 
Erdgas”, Oldenburg-Verlag 1970, Pages 628 and 629). 
A reduction in the speci?c volume can be achieved, the 
result of which is that the capacity of the conveying 
pipeline, as compared with a gas pipe of the same diam 
eter, is roughly 2 to 3 times as large, and the conveying 
energy which has to be used is considerably smaller, 
because of the smaller frictional losses. As can be gath 
ered from the quoted literature reference, such pipelines 
have already been used for liquid natural gas over short 
distances. However with overland pipelines of hun 
dreds or thousands of kilometers, these conceptions are 
impracticable when it is considered that a pipe of 100 
km in length and a diameter of 48" has a wall area of 
approx. 300 000 m2, which must be regarded as a heat 
exchange area through which the liquid natural gas is 
heated from the surroundings. As complete heat insula 
tion is impossible, the liquid natural‘gas is very soon 
converted to the vapour state, thus defeating the main 
object. As can also be gathered from'the aforemen 
tioned book, the specialist world is of the opinion that to 
lower the temperature brings no real advantages in the 
conveyance of natural gas, when liquefaction of the gas 
does not occur within an economical lowering of tem 
perature. 
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2 
That the specialist world see no decided advantages 

in the conveyance of cold gas can be attributed to the 
obvious re?ection that the gas is considerably heated by 
intermediate compression which is unavoidable with 
long pipelines, and also a temperature reduction in the 
gas below about 293 K. cannot be achieved by use of 
cooling water behind the compressors, so that the use of 
refrigerating machines is necessary. The latter are not 
only very costly, but their energy requirement far ex 
ceeds the saving in energy which can be achieved by 
refrigerated conveyance. ~ 

The general object of the present invention is to pro 
vide for considerably more economical conveyance of 
real gases, especially natural gas, over long distances. 
The invention is based upon the conception that a pipe 
line without any external heat supply behaves thermo 
dynamically like a throttle. Such throttling occurs with 
constant onthalpy. Whilst the temperature of an ideal 
gas does not vary during throttling, throttling of a real 
gas causes a temperature variation between the mole 
cules, which is termed a Joule-Thompson effect, as a 
result of the Van der Waal’s cohesion forces. This effect 
produces ‘considerable cooling of the gas at certain 
pressures and temperatures. This condition is utilized in 
accordance with the invention for economical convey 
ance of natural gas, since the conveying capacity of a 
pipeline of a given diameter is considerably increased 
by conveyance at low temperatures because of the small 
speci?c volume. 

Broadly stated the invention consists in a method of 
conveying real gases, more especially natural gas, over 
long distances by means of a pipeline having a plurality 
of sections connected in series, between which are pro 
vided compressor stations to compensate for the pres 
sure loss in the preceding pipeline section in which the 
pressure and temperature of the gas at the start of each 
pipeline section are so selected that a lowering of gas 
temperature results from the drop in pressure in the pipe I 
section, and this low temperature gas is used for re-cool 
ing the gas heated by compression, before entry into the 
next pipeline section. 
At the start of each pipeline section, the pressure is 

preferably between 75 and 150 bars and the temperature 
below 263 K. Particularly favourable conditions are 
produced at approximately 243 K. 
As a result of the invention, it becomes possible to 

convey a low temperature-cooled and therefore corre 
spondingly dense gas over long distances without any 
intermediate cooling by refrigerating machines, from 
which follows the additional advantage that by heating 
the gas before entry into the compressor, the demands 
on the strength of the material of the compressor can be 
reduced. 

Contrary to current opinion, by selection of the cor 
rect pressure and temperature range notwithstanding 
the existance of frictional heat and the intake of some 
heat from the surroundings, not only does no heating of 
the gas occur, but there is actually a lowering of tem 
perature, which is advantageously used in accordance 
with the invention, to cool the gas which is considera 
bly heated by the following compression procedure and 
brought back to the initial pressure. This cooling proce 
dure preferably takes place in a counter-current‘heat 
exchanger, through which flows cold gas from the 
incoming pipeline section and heated gas flowing from 
the compressor to the succeeding pipeline section. A 
gas cooler located preferably between the compressor 
and the heat exchanger conveys away most of the com 
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pression heat to a stream of water or air, and cools the 
gas to an intermediate temperature, from which it is 
then cooled in the counter-current heat exchanger to 
the desired temperature for entry into the succeeding 
pipeline section. ' 

In order to obtain this reduction in temperature, the 
initial pressure and temperature in each pipe section 
must be so selected, that the incidence of heat from the 
surroundings must be somewhat overcompensated. 
This heat incidence is dependent upon the heat insula 
tion of the pipe. This insulation is so designed according 
to a further proposal of the invention, that the heat 
incidence is smaller than half the enthalpy ?gure which 
would be necessary to annul the temperature reduction. 

In order‘ to be able to make the pipeline sections as 
long as possible and thereby be able to manage with 
fewer compressor stations, with the same pipe diameter 
for a given distance, it is advantageous to use compres 
sors which have a pressure ratio of ?nal pressure to 
entry pressure of at least 1.8. This pressure ratio may, 
for example, be obtained by means of two-stage, or 
better, three-stage radial blowers. 

Since with falling pressure, the pressure losses per 
kilometer increase, it is advantageous if each pipeline 
section has a cross~section which increases with the 
increasing length. This can be achieved, for example, by 
gradual enlargement of the pipe diameter or by several 
pipes being connected in parallel, preferably in the last 
third of the pipeline section. 

It can be seen that in the process of the invention, 
cooling of the gas by means of a refrigerating machine 
need only take place before entry of the gas into the ?rst 
pipeline section, if the natural gas comes from a puri? 
cation plant at approximately 293 K. No further refrig 
erating machine is then necessary over the entire course 
of the pipeline. 
Even the refrigerating machine upstream of the ?rst 

pipeline section can be omitted if the natural gas is al 
ready cold or in lique?ed form, the latter being the case 7 
at most unloading points when tankers are used for 
transport. Here the liquid gas which is usually at atmo 
spheric pressure, is raised to higher pressure, by means 
of a pump e.g. 50 to 150 bars, and heated to 243 K., for 
example, in an evaporator. 
As the gas at the end of one pipeline section is already 

very cold and may have a temperature of, for example, 
228 K. and lower, it can be lique?ed at relatively small 
additional expense. This feature can be used to advan 
tage when the gas is conveyed through a long pipeline 
to a port and then has to be loaded into tankers in lique 
?ed form. 
The arrangement can be so designed that the entry 

temperature of the gas into each pipeline section is the 
same, and therefore the gas. in each intermediate station 
is cooled by the heat exchanger to a temperature which 
corresponds to the entry temperature of the gas into the 
next upstream pipeline section. The same ideal condi 
tions can thereby be obtained over the entire length of 
the pipeline. This, however, requires comparatively 
large heat exchangers, especially if the latter are con 
structed as counter-current devices, as the temperature 
difference in each heat exchanger then becomes com 
paratively small. In order to make the process more 
economical, especially with regard to the capital expen 
diture which is to be entered into, it may be advanta 
geous to design the process in such a way that the entry, 
temperature of the re-cooled gas at the start of each 
succeeding pipeline section'is higher than the entry 
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4 
temperature of the gas at the start of the next upstream 
pipeline section. 
As a result of this,>a considerably greater temperature 

difference prevails in the heat exchanger or in each heat 
exchanger, so that the dimensions of the heat exchanger 
can be correspondingly reduced. The temperature of 
the gas from pipeline section to pipeline section will 
actually be increased by this. This gradual rise in tem 
perature need not affect the pro?tability of the gas con 
veyance, especially when a correspondingly low gas 
temperature at the start of the pipeline has been selected 
and/or the pipeline is only relatively short, for example, 
some 100 km long. Even with longer pipelines, how 
ever, there is still the possibility of bringing the gas back 
to a lower temperature level by intermediate cooling 
before entry into a pipeline section. Such re-cooling 
could take place at every intermediate station if costs of 
the heat exchanger which are saved by increasing the 
temperature difference in the heat exchanger are lower 
than the plants which are necessary for the re-cooling. 
This principle can also be used when the temperature of 
the gas at the start of each pipeline section is essentially 
the same. 
An increase in the temperature difference in the heat 

exchanger can also be achieved in accordance with a 
further proposal of the invention, by admixing with the 
gas leaving one pipeline section and before heat absorp 
tion from the gas which is to be re-cooled, a partial 
current which is branched off from the re-cooled gas 
before entry into the downstream pipeline section, and 
is cooled below the exit temperature of the gas from the 
upstream-situated pipeline section. 
The heat exchanger is preferably a counter-current 

heat exchanger, but a regenerative heat exchanger can 
basically also be used. 
The additional heat removal after the gas leaves a 

heat exchanger and before entry of the gas into the 
downstream pipeline section can take place by means of 
a refrigerating machine, which is operated by the waste 
heat of the compressor. Alternatively an expansion 
machine can be provided, or if economic estimates per 
mit it, a throttle with which a reduction in temperature 
by means of the Joule-Thompson effect is achieved. ' 

Alternatively, an additional cooler can be located 
between the heat exchanger and the downstream pipe 
line section the cooling medium being a partial current, 
which is branched off from the gas leaving the cooler 
and is controlled by a throttle for the temperature re 
duction. If the compressor is driven by a gas turbine 
which obtains its supply gas from the upstream pipeline 
section, this partial current which is controlled before 
entry into the cooler by an expansion machine, a throt 
tle or another temperature and pressure-reducing de 
vice, could also be used, so that with a pressure reduc 
tion of, for example, 80 bars to 3 bars, a temperature 
reduction of, for example 235 to 150 K. results. 

In a construction in which a partial current of the 
re-cooled gas after heat removal is admixed with the gas 
leaving the upstream pipeline section, the heat removal 
can take place similarly by the aforementioned means, 
but preferably by means of a throttle, as in this partial 
current the pro?tability is not so important as the total 
capital expenditure. 

Reduction of the size of the heat exchanger can also 
be achieved by conveying the gas through a cold water 
cooler, after flowing through the compressor and a 
normal coolerdriven with line water, before entry into 
the heat exchanger, in which cold water cooler the cold 
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water is preferablyproduced by means of the waste 
heat of the compressor or a gas turbine which drives the 
latter. A cold water cooler is a cooler in which the 
cooling medium is water cooled down to approximately 
273-278 K. > 

The invention may be performed in various ways and 
several embodiments with possible modi?cations will 
now be described by way of example with reference to 
the accompanying drawings in which: 
FIG. 1 is a diagrammatic view of a ?rst embodiment 

of a pipeline plant according to the invention, 
FIG. 2 shows a modi?cation of the embodiment of 

FIG. 1, 
FIG. 3 is a T,s diagram for methane, 
FIG. 4 is a diagram which shows the enthalpy differ 

ence during pressure variation, 
FIG. 5 is a diagrammatic view of a further embodi 

ment of a pipeline plant according to the invention, 
FIG. 6 is a temperature enthalpy diagram for the 

pipeline shown in FIG. 5, 
FIG. 7 is a diagrammatic view of an intermediate 

station with re-cooling of the gas entering one pipeline 
section and the admixture of a re-cooled partial current 
to the gas which is escaping from one pipeline section, 
and 
FIG. 8 is a diagrammatic view of an intermediate 

station with re-cooling of the gas by expanded supply 
gas. 

Reference is ?rst made to' FIG. 1 in which are shown 
diagrammatically the frist and second pipeline sections 
1 and 2 of a pipeline plant according to the invention. In 
this pipeline plant, the starting point is lique?ed natural 
gas, which is conveyed by tankers to the beginning of a 
natural gas pipeline. The conveyance to the consumer 
occurs through a pipeline which is composed of pipe 
line sections, each 120 km in length, for example, be 
tween which compressor stations for compensating the 
pressure loss in the preceding pipeline section are pro 
,vided. In FIG. 1 are shown two such pipeline sections 1 
and 2, between which is located a compressor station 3. 
In this example the liquid natural gas from a heat 
insulated tank 4, (which may alternatively be formed by 
the conveyance space of the tanker) is raised to high 
pressure, for example, 150 bars by means of a pump 5 
and fed to an evaporator 6, which has a heating coil 7 
through which flows warm water heated by a heat 
source 8. The natural gas leaves the evaporator 6 in the 
form of vapour, at a temperature of, for example, 243 K. 
and a pressure of 150 bars, and enters the ?rst pipeline 
section in this state. The temperature of the vapour 
escaping from the evaporator 6 can naturally also be 
lower, for example, 223 K. or 203 K. 
At the end 9 of this pipeline section 1, the gas, be 

cause of the friction losses, may have a pressure of only 
80 bars, for example. As can be seen from the diagram 
of FIG. 3, this pressure loss of 150 bars to 80 bars during 
conveyance, without any heat supply from outside, 
along the isenthalpe H= 13.600 J/Mol would produce a 
lowering of temperature to approximately 220 K. 

As, however, no absolute insulation of the pipeline 
sections is possible, the outlet temperature of the gas at 
the end 9 of the ?rst pipeline section 1 will in practice be 
roughly 228 K. The natural gas is now supplied to the 
compressor station 3, in which it is brought back to the 
initial pressure of 150 bars, and then supplied to the start 
of the second pipeline section 2. The compressor station 
3 contains a counter-current heat exchanger 10, a com 
pressor which, in the example, is a three-stage compres 
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6 
sor. 11, and a gas cooler 12. The gas arriving from the 
pipeline. 1 ?ows at a pressure of 80 bars and a tempera 
ture of 228 K. into the counter-current heat exchanger 
10, where by heat absorption from the gas heated by the 
compression, it is heated to 285 K., for example. In the 
compressor 11 there then occurs an increase in pressure 
from 80 bars to 150 bars with simultaneous heating of 
the gas to 348 K. Part of this heat of compression is 
removed from the gas in the gas cooler 12 which is, for 
example, supplied with water, so that the gas now en 
ters the heat exchanger 10 at a temperature of, for exam 
ple, 298 K. The temperature difference at the hot end of 
the heat exchanger 10 thus reaches 12°, which makes it 
possible to use a counter-current heat exchanger of 
economical dimensions. The gas now leaves the heat 
exchanger 10 at 243 K. and passes at the pressure of 150 
bars into the second pipeline section 2. The temperature 
and pressure ratios at the start of the second pipeline 
section 2 are thus roughly the same as at the start of the 
?rst pipeline section 1. At the end 13 of the second 
pipeline section 2 there is again provided a compressor 
station corresponding to the compressor station 3, in 
order .to produce roughly the same conditions upon 
entry of the gas into the next pipeline section as at the 
beginning of the ?rst and the second pipeline section. 
The pressures and temperatures stated are merely 

intended to serve as an example. The initial temperature. 
of 243 K. at the beginning of each pipeline section has 
been selected bearing in mind the strength of materials 
which are available at present and can still be economi 
cally used. 

Nevertheless, the specific volume at 243 K. and 100 
bars is only roughly half of what it is at ambient temper 
ature (293 K.) and atmospheric pressure, so that the 
conveying capacity of a given pipeline is doubled. 
The pipeline, which is composed for example of co 

lumbium or tantalum alloy steel, is provided with heat 
insulation 14, which should be so designed that heat 
incidence from the surroundings is smaller than half the 
enthalpy ?gure which would be necessary to annul the 
temperature reduction. Such heat insulation can still be 
achieved with economically viable expenditure. It en 
sures that the temperature at the end of each pipeline 
section is sufficiently low to make possible re-cooling of 
the natural gas to the initial temperature before entry 
into the succeeding pipeline section without a refriger 
ating machine. 

In FIG. 2 only the start of the ?rst pipeline section la 
is shown, and here the starting point is not lique?ed 
natural gas, as in the example of FIG. 1, but natural gas 
as it leaves a puri?cation or separating plant 15. This 
natural gas is supplied, for example, to a four-stage 
compressor 16, and after ?owing through an intermedi 
ate cooler 17, to a three-stage compressor 18 and is here 
compressed to the desired pressure of, for example, 150 
bars. The gas is now cooled to a temperature of roughly 
293 K. in a gas cooler 19 which is operated with water, 
for example, and ?nally brought to the desired initial 
temperature of, for example, 243 K. in a refrigerating 
machine 20. The natural gas therefore enters the ?rst 
pipeline section at a temperature of 243 K. and a pres 
sure of 150 bars, as in the exempli?ed embodiment of 
FIG. 1. The further conveyance of the natural gas takes 
place in the same way as in the exempli?ed embodiment 
as per FIG. 1. 
When this plant is used to convey natural- gas to a 

port, in which the gas has to be pumped into tankers in 
lique?ed form, a liquefaction plant must be connected 
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to the end of the last pipeline section, which plant, 
because of the fact that the gas leaves the pipeline at a 
very low temperature, for example, 228 K., can be com 
paratively small. . ‘ 

FIG. 3 shows the T,s diagram for methane, which 
natural gas contains at 90% by volume and more. The 
T,s diagrams of such methane-rich mixture are similar 
to one another and basically permit the same deduc 
tions. The examples mentioned hereafter relate to pure 
methane. 

In this T,s diagram the course of the alteration in state 
of the gas according to the proposed process is shown 
by an example: 
The gas enters under a pressure of 150 bars and at a 

temperature of 243 K. into the pipeline section at Point 
O and leaves it at Point 1 at 80 bars and 228 K. If the 
pipe were so thickly insulated that no heat from outside 
?ows to the gas, the state of the gas would alter along 
an isenthalpe (H=13.600 J/Mol) towards Point 1'. If, 
on the other hand, the inflow of heat were so great that 
the change in state were to run isothermally towards 
Point 1" (I-I=15.24O J/Mol), the heat to be supplied 
would be H: 1.640 J/Mol= 102 J/kp. 

This quantity of heat would therefore be necessary in 
order to annul the temperature reduction from 246 K. to 
228 K. 
As a result of the insulation, the heat in?ow is re 

stricted. The actual gas state at the end of the pipeline at 
Point 1 is assumed, and only 630 J/Mol instead of 1.640 
J/Mol—-(i.e. less than half)—are supplied. The gas 
leaves this pipeline section and enters the counter-cur 
rent heat exchanger of the compressor plant, where it is 
heated to 286 K. along the 80 bars isobar from Point 1 
to Point 2, before it enters the compressor. With adia 
batic compression, the temperature during compression 
from 80 bars to 150 bars would rise to 335 K. (Point 3’). 
Heating to 346 K. actually takes place along a polytrope 
to Point 3. In the gas cooler the temperature is lowered 
from Point 3 along an isobar to approx. 298 K. at Point 
4, and from there in the counter-current heat exchanger 
to 243 K. (Point 0) at an entry temperature for the suc~ 
ceeding pipeline section. 

In FIG. 4 is shown how the enthalpy H behaves at 
various temperatures with a lowering of pressure by 1 
bar. In an ideal gas, the enthalpy does not vary with the 
pressure and the corresponding curve would coincide 
roughly with the X axis. Under temperature and pres 
sure conditions which have to be considered with gas 
conveyance, however, in which the methane is a super 
heated vapour, the Van der Waal’s cohesion forces play 
a very great part and require considerable quantities of 
energy which have the effect of altering the enthalpy, in 
order to overcome the attraction forces between the 
molecules. The curves for the respective temperature 
parameter run higher, the lower the gas temperature. 
The greater the enthalpy reduction, the more the gas 
cools during conveyance in the insulated pipeline. It can 
be seen from FIG. 4 that optimal prerequisites in the 
pressure range in question exist, if the enthalpy alter 
ation reaches more than 1.2 J/kp. bar. 

In the exempli?ed embodiment as per FIG. 5, a pipe 
line which is composed of ?ve pipeline sections 21, 22, 
23, 24 and 25, and is for the conveyance of natural gas, 
is shown. The natural gas coming from a separating 
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a compressor 26 to a pressure of, for example, 120 bars 
and cooled to a temperature of, for example, 225 K. by 
means of a Water cooler 27a and a cooler 27b, which is 

8 
operated by a refrigerating machine. At this pressure 
and this temperature, the natural gas enters the pipeline 
section 211. At the end of the pipeline section 21 the gas, 
on account of friction losses, has a pressure of, for exam 
ple, 80 bars. This pressure reduction would produce a 
lowering of the temperature to about 210 K. in a heat 
tight pipe. As, however, no complete insulation of the 
pipeline sections is possible, the outlet temperature of 
the gas at the end of the ?rst pipeline section 21 will in 
practice be approximately 213 K. The natural gas is 
now supplied via a counter-current heat exchanger 28 
to a compressor 29, in which the gas is again brought to 
a pressure of 120 bars. After flowing through a first 
cooler 30 which is operated with industrial water (un 
derground water or water which is recycled) and if 
necessary, a second cooler 31 which is operated with 
cold water (approx. 268_273 K.) or with vaporized 
refrigerating agent, the gas enters the counter-current 
heat exchanger 28 at a temperature of about 218 K and 
leaves it at a temperature of 230 K. This temperature is 
5° higher than the temperature at which the gas enters 
the pipeline section 21. The temperature difference in 
the heat exchanger 28 is 17° here, whereby the dimen 
sions of the heat exchanger 28 can be kept compara 
tively small. The gas therefore enters the pipeline sec 
tion 22 at a pressure of 120 bars and a temperature of 
230 K. At the end of the pipeline section 22, the gas will 
have a temperature of 218 K. at a pressure of 80 bars. As 
in the preceding intermediate station, the gas escaping 
from the pipeline section 22 is supplied through a coun 
ter-current (?ow) device 28:: to a compressor 29a, in 
which it is again brought to a pressure of 120 bars. After 
flowing through a cooler 300 which is operated with 
industrial water, the gas enters the heat exchanger 28a 
and leaves it at a temperature of 235 K. The gas, at the 
end of the pipeline section 23, once again has a pressure 
of 80 bars, whilst the temperature has fallen to 223 K. 
After increasing of the pressure in the compressor 29b 
and re-cooling in the cooler 30b and in the counter-cur 
rent heat exchanger 28b, the gas at a pressure of 120 bars 
and a temperature of 240 K. enters the pipeline section 
24, from which it escapes at 80 bars and a temperature 
of 227 K. In the intermediate station which now fol 
lows, the gas is brought back by the compressor 29c to 
the initial pressure of 120 bars and by the cooler 30c and 
the counter-current heat exchanger 280 to a tempera 
ture of 245 K, so that here also, there is a high tempera 
ture difference of 18° inthe counter-current heat ex 
changer 28c. As this temperature for economical con 
veyance of the natural gas in the downstream-situated 
pipeline section 25 is relatively high, an additional 
cooler 32 is located between the heat exchanger 28c and 
the start of the pipepline section 25, which cooler is, for 
example, supplied by a refrigerating machine operated 
with the waste heat of the compressor 29c, and the 
temperature of the gas falls again to 225 K., for example, 
before it enters the pipeline section 25. 
The cold water cooler 31 in the ?rst intermediate 

station is not absolutely necessary, but it reduces the 
dimensions of the counter-current heat exchanger 28. 
Such a cold water cooler could also be provided in the 
other intermediate stations. The re-cooler 32 in the 
exempli?ed embodiment of FIG. 5 is located in front of 
the ?fth pipeline section 25. It could, however, also be 
omitted if suitable temperature conditions exist, or if 
required, could already be provided in an earlier inter 
mediate station or even in each intermediate station. 
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In FIG. 5 the pipeline sections 21 to 25 are shown as, 
being of equal length. In actual fact, the pipeline sec 
tions become shorter with rising ‘temperature, the 
drop in pressure in each pipeline section is to be of equal 
size. . . . . ‘ V 

The pressure and temperature conditions of_ the pipe-. 
line represented in FIG. 5 are shown inthe diagram of 
FIG. 6, where the state (temperature T and enthalpy H) 
at the start of each pipeline section are indicatedwith 
A1 . . . A5 and at the end of each pipeline section are 
indicated with E1 . . . E4, E5 would correspond to;E1. 

_ The re-cooling of the gas by the cooler 32 before 
entry into the pipeline section 25 takes place from Point 
B (state during escape from the-heatlexchanger 280) 
along the 120 bar line to Point A5, whose coordinates 
are identical to those of A]. v ,J 
The state E0 would arise at the end of ,the- pipeline 

section 21 if the pipe were heat-tight, as the expansion 
of the gas along one isenthalpe would then take place. 
The size of the horizontal spacing of the ‘Point E] from 
the vertical A1—E0 represents the estimated enthalpy 
gain as a result of the flowing-in of heat from outside 
through the insulation intothe pipe. 
A further measure for reducing the dimensions of the 

heat exchangers 28 . . . 28c by increasing the tempera 
ture difference in the heat exchangers consists of lower 
ing the temperature of the gas ?owing from the up 
stream-situated pipeline section into the heat exchanger. 
A simple posssibility of doing this is represented in FIG. 
7. Here, a partial current is admixed with the gas which 
escapes from the pipeline section 21' before entry into 
the counter-current heat exchanger 28' through a 
branch pipeline 33 and a pipeline 35 which is indicated 
by dotted lines, which partial current is branched off 
from the re-cooled gas escaping from the heat ex 
changer 28'. This partial current flows through a throt 
tle 34 in the branch pipeline 33. This throttle 34 pro 
duces by means of the J oule-Thompson effect a lower 
ing of temperature in the partial current, so that the 
latter, at a lower temperature, is admixed with the gas 
which escapes from the pipeline section 21’. Through 
the greater temperature difference of 25°, for example, 
the counter-current heat exchanger 28' can be consider 
ably reduced as compared with the exempli?ed embodi 
ment of FIG. 5. 

Instead of the throttle 34, a refrigerating machine can 
obviously also be used, if this is more advantageous for 
economic reasons. . 

Another possibility of increasing the temperature 
difference in the heat exchanger 28' which is indicated 
in FIG. 7 is the arrangement of a cooler 36 between the 
heat exchanger 28' and the start of the downstream 
situated pipeline section 22’. This cooler 36 is charged 
by the branched partial current after flowing through 
the throttle 34. As a result of this re-cooling of the gas, 
its temperature of entry into the heat exchanger 28' 
originating from the compressor 29' may be higher than 
in the exempli?ed embodiment as per FIG. 5, whereby 
the temperature difference in the heat exchanger is 
raised and its dimensions are reduced. ‘ 

In the exempli?ed embodiment as per FIG. 8, just as 
in FIG. 7, a cooler 39 is located between the heat ex 
changer 28” and the downstream-situated pipeline sec 
tion 22". The compressor 29" is here driven by a gas 
turbine 37, which obtains its supply gas from the up 
stream-situated pipeline section 21". This supply gas is 
?rstly conveyed through an expansion machine 38, in 
which the pressure is reduced from, for example, 80 
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bars to 3 bars, vthe temperature being simultaneously 
lowered ;-from 230 K. to 150 K., for example. In this 
state, the partially lique?ed supply gas is supplied 
through a pipeline 40 to the cooler 39, in which it cools 
the gas originating from the heat exchanger 28" by heat 
absorption; The supply gas, which is, now gaseous 
againupassesthrough the pipeline 41 to the gas turbine 
31. , 

I Instead of the expansion machine 38, a throttle could 
basically also be ‘used. 

.I claim: ' ' ' 

- 1. A method of conveying real gases over long dis 
tances by means of a pipeline having a plurality of sec 
tions‘ connected in series by; providing between said 
sections one or more compressor stations, to compensate 
for the pressure loss in the preceding pipeline section, 
controlling the pressure and temperature of the gas at 
the start of each pipeline section so that a lowering of 
gas temperature results frornthe Joule-Thompson effect 
created by the drop in pressure in the pipe section, and 
using this low temperature gas for re-cooling the gas 
heated by compression at one of said compressor sta 
tions, before entry into the next pipeline section. 

V 2. A method according to claim 1, in which convey 
ance of the gas takes place at an initial pressure of be‘ 
tween 75 and 150 bars and at an initial temperature of 
below 263 K. 

3. A method according to claim 1, in which the initial 
pressure and temperature of the gas upon entry into a 
pipeline section lie within a temperature-pressure range 
in which the enthalpy increase is greater than 1.2 J /kp. 
bar for each bar of pressure relaxation. 

4. A method according to claim 1, in which the inlet 
temperature of the re-cooled gas at the start of each 
succeeding pipeline section is higher than the entry 
temperature of the gas at the start of the next upstream 
pipeline section. 

5. A method according to claim 1, comprising the 
additional step of removing heat from the gas before 
entry into the succeeding pipeline section. 

6. A method according to claim 1 comprising the 
additional step of having a partial current admixed with 
the gas after leaving one pipeline section and before 
heat absorption from the gas which is to be recooled, 
which partial current is branched off from the recooled 
gas and is cooled to below- the temperature of the gas 
leaving the next upstream pipeline section. 

7. A pipeline plant for conveying gas over long dis 
tances comprising; a plurality of pipeline sections con 
nected in series with interposed compressor stations, a 
counter-current heat exchanger associated with each 
compressor station, one part of said heat exchanger 
being located between the outlet end of one pipeline 
section and the inlet point of said compressor, and an 
other part being located between the outlet point of the 
compressor and the start of the succeeding pipeline 
section and in operation said compressor stations com 
pensate for pressure loss in the pipeline section preced 
ing said stations and counter-current heat exchanger 
facilitiates the use of the low temperature gas from the 
outlet end of the pipeline preceding said exchanger to 
cool the higher temperature gas heated by compression 
going to the succeeding pipeline section. - 

8. A pipeline plant according to claim 7, including a 
gas cooler located between the outlet point of said com 
pressor and said heat exchanger. . 

9. A pipeline plant according to claim 7, in which said 
compressor has a pressure ratio of at least 1.8. 
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10. A pipeline plant according to claim 7, in which at 
least some of the pipeline sections are provided with 
heat insulation, which is so designed that ‘the heat inci 
dence is smaller than half the enthalpy ?gure which 
would be necessary to annul the temperature drop. 

11. A pipeline plant according to claim 7, in which at 
least some of the pipeline sections have an increasing 
cross-section with increasing length. 

12. A pipeline plant according to claim 11, in which 
several pipes are connected in parallel to increase ‘the 
cross-section. 

13. A pipeline plant according to claim 7, including 

5 

10 

an evaporator of lique?ed gas located upstream of the ‘ 
?rst pipeline section. 

14. A pipeline plant according to claim 7, including a 
gas liquefaction plant connected to the end of last pipe 
line section. 

15. A pipeline plant according to claim 7, including a 
refrigerating machine located between one heat ex 

' changer and the downstream pipeline section. 
16. A pipeline plant according to claim 7 in which a 

pipe connects the heat exchanger to the start of the next 
pipeline section communicates through a branch pipe 
with a pipe which connects the end of the preceding 
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pipeline section to the heat exchanger, and a throttle is 
provided in this branch pipe to produce lowering of 
temperature by means of the Joule-Thompson effect. 

I '17. A pipeline plant according to claim 7, including a 
normal water operated cooler and a cold water cooler 
connected between the compressor of each compressor 
and the heat exchanger. 

18. A pipeline plant according to claim‘ 7, including a 
cooler between one heat exchanger and the down 
stream pipeline section, the cooling medium being 
branched off from the gas leaving the cooler, and con 
trolled by a throttle in order to produce lowering of the 
temperature. 

19. A pipeline plant according to claim 7, in which 
the compressor of at least one station is driven by a gas 
turbine, and between the heat exchanger and the down 
stream pipeline section there is located a cooler whose 
cooling medium is a partial current of the gas which 
leaves the upstream pipeline section, and into whose 
inflow pipeline to the cooler an expansion machine, a 
throttle or similar temperature and pressure-reducing 
device is connected, and whose outflow pipeline from 
the cooler is connected to the gas turbine. 

* # ll * * 


